Nephrogenic diabetes insipidus (NDI) is caused by the inability of renal collecting duct cells to respond to arginine vasopressin (AVP)/antidiuretic hormone (ADH). We present the case of a 7-year-old boy with a history of excretion of large amounts of dilute urine and polydipsia since infancy. The boy had several vomiting episodes with mild dehydration during the first 3 years of life. There was no evidence of headaches, dizziness or visual problems. He drinks between 2 and 3 L/day and has 24-hour diuresis of 2 liters, now. He has prepubertal appearance with appropriate weight [+0.85 standard deviation score (SDS)] and height (+0.15 SDS) for his age. His intelligence was also normal. The water deprivation test showed low urine osmolality after 8 hours of dehydration. After desmopressin administration, urine osmolality remained low. Serum osmolality was in the normal range for sex and age before and after desmopressin administration. This indicated a nephrogenic form of diabetes insipidus. Molecular analyses revealed a P286L [p.Pro(CCC)286Leu(CTC)] mutation in the AVPR2 gene, that was inherited from his mother. This patient is the first case with genetically confirmed X-linked inherited form of NDI in the Republic of Macedonia. Molecular analysis confirmed the clinical diagnosis and enabled genetic advice for this family.
INTRODUCTION
Nephrogenic diabetes insipidus (NDI) manifests as an acquired illness in the majority of patients, but very rarely has a hereditary origin. There are two wellknown hereditary forms of NDI, type 1 and type 2. The majority of patients (about 90.0%) have type 1, an X-linked recessive form of NDI caused by mutations in the AVPR2 gene encoding the vasopressin V2 receptor. The patients are predominantly males, but women are healthy or asymptomatic carriers. The remaining 10.0% of patients carry type 2, autosomal NDI. This type is caused by the aquaporin-2 water channel (AQP2) gene mutations [1] .
Nephrogenic diabetes insipidus is caused by the inability of renal collecting duct cells to respond to antidiuretic action of arginine vasopressin (AVP). This antidiuretic hormone (ADH) action in kidneys is regulated by three subtypes of G protein coupled AVP receptors. The V1A and V1B type receptors act through Gq proteins and the phospholipase C activation system, but V2 receptor acts through adenyl cyclase and Gs proteins activation system [2] [3] [4] . Renal collecting duct cells cannot reabsorb the water and the kidneys produce a large amount of low concentrated urine as a result of mutations of the AVPR2 gene in type 1 NDI patients.
CASE REPORT
We present the case of a 7-year-old boy, the third child in a family of healthy, non consanguineous parents. His two older sisters are also healthy. Our patient has a history of excretion of large amounts of dilute urine and polydipsia since infancy. He had several vomiting episodes with mild dehydration during the first 3 years of life. There was evidence of headaches, dizziness or visual problems.
The boy drinks between 2 and 3 L/day and has 24-hour diuresis of 2 L. He has prepubertal appearance with an appropriate weight [+0.85 standard deviation score (SDS)], 75th percentile and height (+0.15 SDS), 50th percentile at the growth curve, for his age (Figure 1 ). His intelligence was also normal.
Random serum sodium level was 154.0 mmol/L and serum osmolality was 296.0 mOsm/kg, but urine osmolality was 46.0 mOsm/kg. A measurement of AVP was not available and kidney ultrasound was uneventful. A water deprivation test showed very low urine osmolality after 8 hours of dehydration. After desmopressin administration, urine osmolality still remained low. Serum osmolality was in normal range for sex and age before and after desmopressin administration. Serum sodium values after water deprivation were also in upper normal range, 147.0 mmol/L. This indicates a nephrogenic form of diabetes insipidus.
Molecular analyses showed two non synonymous variants (p.R106H and p.P286L) and both were inherited from his mother. The first is a hemizygous c.317G>A variant in exon 2 of AVPR2 [p.Arg(CGT)106His(CAT)], and the second is also a hemizygous c.857C>T variant in exon 2 of AVPR2 [p.Pro(CCC)286Leu(CTC)] (Figure 2) . In silico analysis predicted that only p.P286L was a pathogenic mutation. Also, only the p.P286L mutation is known to have an evolutionary conserved residue. This non synonymous (missense) p.P286L mutation is pathogenic for our patient and results in clinically evident NDI.
Treatment includes high volumes of liquids and low salt intake. These nonspecific measures are useful to avoid dehydration and to maintain adequate fluid balance.
DISCUSSION
Males of various age groups are affected with type 1 NDI [5, 6] . In a study of 30 Dutch patients with NDI, 87.0% were diagnosed during the first 2.5 years of life [7] . Severity of the disorder differs from mild form with polyuria and polydipsia to severe dehydration crisis with anorexia, failure to thrive, fever and constipation. Females are usually healthy or asymptomatic carriers [7] . Recently, Hong et al. [8] reported one girl among 24 boys in a cohort of 25 children with NDI. It was explained that she was analyzed separately and inactivation and mosaicism of the X chromosome may influence clinical manifestations in female patients [8] . Our boy had a few episodes of mild dehydration during the first 3 years of life, but after that, he was well hydrated despite large amounts of excreted dilute urine.
Most of the patients with NDI grow up below the 50th percentile at the growth curve, but gained weight after years of life with low body weight. The index patient had an appropriate weight (+0.85 SDS) at 75th percentile, and height (+0.15 SDS) at 50th percentile at the age of 7 years. Although the children with X-linked NDI were expected to be mentally retarded as a result of dehydration in early childhood, Children with NDI usually do not have urinary tract anomalies or infections. Van Lieburg et al. [7] reported two patients with severe hydronephrosis and small rupture of the urinary tract due to minor trauma and an additional two patients had episodes of acute urine retention. Urinary tract malformation or infection was not detected in our patient.
The gene that encodes V2 receptors was mapped at chromosome Xq28 by Seibold et al. [9] . It spans 2.2 kB and contains three exons and two small introns (MIM 300538). The majority of mutations disable the receptor reaching the plasma membrane, but rarely, the receptor cannot bond with the vasopressin or may cause stop trig-gering the cAMP signal [10, 11] .
The AVPR2 gene mutations associated with Xlinked NDI was first detected by van den Ouweland et al. [12] in 1992. Thereafter, many mutational reports followed [13] [14] [15] [16] [17] , and at the moment, a total of 254 different mutations in the AVPR2 gene are listed in an online database site, HGMG® Professional 2014.1 (http://www/hgmd.cf.ac/il/ ac/search.php), including 134 missense mutations, 21 non-sense mutations, 49 small deletions, 22 large deletions, 15 small insertions, five small indels, four complex rear-rangements and one large insertion/duplication.
Molecular analyses of our patient showed two non synonymous (missense) variants. The first is a hemizygous c.317G>A variant in exon 2 of AVPR2 [p.Arg(CGT) 106His(CAT)], and the second is also a hemizygous c.857C>T variant in exon 2 of AVPR2 [p.Pro(CCC) 286Leu(CTC)]. Both variants have segregation in the family. They were inherited from his mother. She is an asymptomatic carrier. A hemizygous c.317G>A mutation (p.R106H) is not listed in the latest version of HGMG® Professional. However, a different mutation at this residue (R106C) was reported by Bichet et al. [14] in 1994. The second hemizygous c.857C>T mutation (p.P286L) was reported by Bichet et al. [10] in 1998. The in silico analyses showed abnormal scores only for the p.P286L mutation. Also, only the p.P286L mutation is known to have an evolutionary conserved residue. Although we could not perform functional studies, we indirectly confirmed that a non synonymous p.P286L mutation is pathogenic for our patient and resulted in NDI.
Knowing the receptor action caused by an identified mutation in the AVPR2 gene or carrier, may help physicians to provide adequate care and treatment to patients with NDI [10, 16, 18, 19] . The aim of treatment of NDI patients is to ensure proper fluid balance and to avoid mental retardation due to severe dehydration, especially in the neonatal period and early infancy. This would be achieved with high volumes of fluids and low salt food followed by hydrochlorothiazide or amiloride treatment. Indomethacin may also be useful [20] [21] [22] . In addition, a novel therapeutic approach of rescuing mutant AVPR2 using chemical or pharmaceutical chaperones has been studied [23] [24] [25] [26] [27] [28] [29] .
CONCLUSIONS
We report the case of a 7-year-old male patient, the first case with a genetically confirmed X-linked form of NDI in the Republic of Macedonia. Molecular analysis confirmed the clinical diagnosis and enabled genetic advice for this family. Female relatives in a family with an NDI patient should be recommended for molecular carrier testing and should be aware of the possibility of bearing a male offspring with NDI. This implicates the importance of prenatal diagnosis and its impact on the quality of life in children.
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